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58214 HVAC Case & SEA 314
Dynamic Analysis of HVAC Case for Passenger Car
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ABSTRACT

This paper presents dynamic analysis of HVAC(Heating Ventilation & Air Condition) Heater Case which
consists of heater and evaporator unit for passenger car. To analyze the dynamic characteristics of

HVAC Heater Case,

finite element model which consists of shell elements is constructed for modal

analysis and experimental modal analysis has been conducted. Finite element analysis results are
compared with experimental results to evaluate of validity of finite element model. After identifying

mode shape and natural frequency of HVAC Heater {ase,

local stiffness of HVAC Case is evaluated

through point mobility using finite element analysis and experiment.
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24F Fdch. =23, 9HE A4 #A(Point
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Fig.1 Climate control system for passenger Car
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Instrument Panel

HVAC System

Fig. 2 Location of HVAC System in passenger car

BLWR Unit

HTR Unit
Fig. 3 Semi center type HVAC System

2. Modal Analysis

2.1 HVAC HTR Unit Case

2 oo A48 834 HVAC HTR Unit
Case & Fig. 4 & Zo°] Right, Left, Lower Case ¢
Separator & 4 7} B2 FLE2 FAH] eod, A4
& PP(Polypropylene) Talc A olch Right B Left
Case ¥ ¥l Door 7F A e, g
Defroster 8 Vent & u}g& w3, Lower Case
+ EVA. ¥ HTR. Core & %]%]38}5{, Rear Console
29 wg-g wiEsty 4gg @t FAlY EVA,
Core oA WA=y §%49 ‘rri g gt nf
#8to 2 Separator © AW £ uiz} 2FFAY
95 2% 2 ugg %@‘435—. ZHEE 3§}

7 Holg}, (2]

fr lo

Right Case ®
Left Case ®
®
)

Lower Case
Separator

Fig. 4 HVAC HTR Case

2.2 Finite element analysis

(1) Finite element model

HVAC HTR Unit Case 2] B54& ¥43l7] 9
3, Table 1 & & #% 84 249 gRL& A
Haoh olygy 2d¥ EE& F8e, shell

element & TFAE Right, Left, Lower Case,
Separator & & 84 gL FAsATE Case 9
A taper AL shell element ©] &3 34
2d8g B8 FEsU] oldch. ek, element 9
FAE §8 taper 4L SAMHoz EHIAC
Case joint & & Case 9 2% 248 9rigid, §
& 529 AL shell element § o] g3t 1
A8 78 a9k Arm 3} Boss ¥ Right, Left Case
9] #, & #x8h, HVAC HTR Unit Case &
local mode ol € S%& -71“-?43} dzEuz vy
5o £3AAC Case rib & HVAC HTR Unit
Case 9 &9 Z4€& F7 17]71 A% Hem o1
Hag Ry 8o g v o E, 2y
We %8 A% Right, Left, Lower Case,
Separator & Fig. 5 ¢F 2@tk HVAC HTR Unit Case
-4 Tr@' L4 BYe 7 BRE T PHE node

& B39 49 siged, 1 d3%e Fig 6 3
Q\i}-. F& 84 Tdo] AL H element & 4 g
node & Z& CQUAD4, 3 719 node & 3zt
CTRIA3 o2 4= 31001 S8 as nde
element 4% % 62274 7 o

(2) Normal mode analysis

Nastran & °]&&o #¢ a4 48 APsad
o}, HVAC HTR Unit Case 8 A& PP Talc Al ¢
B2 Young' s Modulus 2400 Pa , Poisson’ s
Ratio 0.41, mass density 1.01E-6kg/mm®& AM§
3t9lth. HVAC HTR Unit Case ¢ mode shape &
#H&7t 948t Nastran 2} SOL 103 Normal
mode analysis & o] &3ldov, A4 x7o Qv
free free FelE T3] st SPC & A4
jgide N

Table 1 Finite element modeling criterion

Modeling criterion Modeling method

Taper shape Element thickness

-, Element thickness

Case joint Node to node share
Arm & Boss Hollow shatt
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Lower Case Separator

Fig. 5 Finite element model for HVAC HTR Unit
Case Part

Fig.6 Finite element model for HVAC HTR Unit
Case

2.3 Experimental Modal Analysis
(1) A8 A 74

HVAC HTR Unit Case 8 A¥3 2= 4L £
&7l 98 Fig. 73 20| free free 22 modal
test 48 A& FAsAT 4Y I AN
o dX3o, F9 fFHo=RHY FIE ¢ A5
g H43 gk &3 FHE LMS CADA X
Z o]|83¥ e, Impact hammer(PCB 086C03)%}
7t EA(PCB 356B21)& ©l&% fixed point test
33t /IEEAZ 2% mass loading
flect 7} HA&7t &S & on, B T
$1&= 1024 Hz 2 43 39t 7142 23 A
PYAE& BE3 B9 & £ A=H HAsgen,
HEE A AHL 59 Fig. 8 3 & HVAC
HTR Unit modal geometry & #A 34, mode
shape & #4] &%t}

LA ]

ro ¢&

(2) Modal assurance criterion
4 (1)® & MAC (Modal assurance criterion)
& 59 4¥L 59 2= {4 A9 {9 82

A Ao 24 FEZE WY 4 Utk 9714
o 482 EE #4& oj&3td A& i WA
2= dgoln], g, #8 24 HHE ol &3y
e uA 2 HEE g MAC 9o &
03 1Abele] Zg 7HAH, 0ol 2HEFE F B=
Alolg] A@AFL HojAY, 1o 2HEFE F RE
Atele] d@Aol e AL Yvisich. F, A¥EE
%38 92 mode shape & #A L £ 42 mode
shape & MAC & %3ld A3 IAE EXNE + o
o}, (3]

4140 ke

[¢4.]

MAC . $y) =7 ~ 7
@ 44) (¢nr¢n)(¢Af 2

HVAC HTR Unit Case

Fig. 7 Experimental setup for modal test

Fig. 8 Moda! Geometry of HVAC HTR Unit Case

3. Point Mobility

3.1 Direct FRF

At o g MDOF(Multi Degree of
Freedom)system & hysteric proportional damping
EQL edn A F ey, od 2 (2)%
Ze ) WAL et Ajl2"e Fh@e $H
342 (Frequency response function)¥ Inertance &
¥ BEEE £ dom, ARl modal °l€E F
3 43)ez B8 9. 4,(0)e ARHE | k A

F9t4 &9 34, Inertacne & 4 v]dd,
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o 4(4), (5)9 Zo] r HA mode 9] modal mass Z

modal stiffness & A9 & 5 Y. E3, mass
normalization #HAE& AHH  A(6)9 mass
normalized eigenvector & H#E 4 it} o

Orthogonality 2] EA4& Fs&] A7), (8)7} ol A
o & 4 Uk r WA ZEo CH@ ARFE joIA F
i AP (effective mass) L F&E %4 (effective
stiffness)= 2+ Z+ A(9)¢ *‘(10)9.1 Aol =t}

o] [m]p)=m,]

, Modal mass 4)
[(D]T[K][qp]: [k,] ' Modal stiffness  (5)

(6)

[ [M][¢] [7] 7)
[T ]6)=[0?] ®

(m,) = (9)

(10)

2](3)& mass normalized eigenvector & ©]£3}o]

A(1D)3} geo] FEY + Aew, B, e r ¥4 &
=29} Residue . [3]
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if F ‘F old oM R ¥MA mode & F
Aol A uiFoleli= AMYE & £ ok 53, 4™
2 2HGel 2 A/ j AT system 9
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A 2HHG 22 FUdF AFE A2
Zu4 29 84E Direct FRF 2 39, Direct

FRF & F3le &4 599 24& FHse o
A8 d 24 #14(Point Mobility)el=}t &},

&

3.2 ¢y Ty

AFE j od AEEE ol4¥ Direct FRF
(A_U((o) = A12)8 Feol HEHY, MHFas o
g2 4133 el 1 A FH R=ef AL F
gy etk weld, AFue JY9dMe MDOF
system & 1 % W EEe EAL e
SDOF(Single degree of freedom) system ¢+ 7}%
& & gt ol #/AE %F8, Direct FRF ¢
Inertance graph oA 2 (14)8} & 74 el
curve fitting & F8 A9 AA4E& =% 8 F
ot [4] @A, HVAC HTR Unit & SA&E A
2do02 7ty g, &4 A3 4HY A =

% ¥ 4 Ut
6.10) PR
s _a) ¢ ¢k u (k)r
4, (w)= i NPk il
! ) ;wr -0’ +in, o ; _ _a_)_z+i17,w,2
@, w,z
- (kl)
Aﬁ(m)g———zﬁl (w<<aw) (13
1“(_(0_] +(77|)2
wr
, 1
-
.
Aﬂ(w)z——T(-iJ—)-L (w<<awy) (14)
E dFdAME ribel #1% HVAC HTR Unit Case

9] Z4e Bt 8] ¢ste Fig. 9 ¢ 2ol rib o]
AAH7] A, $29 HVAC HTR Unit Case & o] &3}
gct dE8d B4 & AHPL B #4E §Fid
Fig. 103} Zre] MA &gt Ribd o% #4 &3
& BM3l7) 98l Direct FRF 9 A% j & §%
Aol MM wgez nAsch olF, /3 84
4% Ground modal test & ©0]&3te] rib o %
Z4 ATE viE, £4 At

71

(a) with rib (b) without rib

Fig.9 HVAC HTR Unit Case for point mobility
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{a) Lower front point (b) Rear center point

(¢) Front left/right half point

Fig. 10 Point mobility points

(1) Finite Element Analysis

Rib o] $j% HVAC HTR Unit Case & ZA4& o
7t 87) 9ste] §3 ax 2de rib & AAJY
Fig. 11 3 Ze] F43ic}h. o] F, Nastran Sol 111
Frequency response analysis B ©o|-§3ld 4 7} 2
A2l Direct FRF T8ttt oluf, ri&EAe] A%
o2 913 mass loading effect & e 5o, 7H&4E
EFGANH H4xAe AFE ndd {f3 82
A g APl

Fig. 11 Finite element mode! for point mobility

(2) Ground Modal Test

Ground Modal test 2], Impact hammer ¢ 7}
A8 &= £ AHE dAAA Direct FRF &
%7 sl9ior, 49 A& Fig. 12 & 2o A
HIAE A8l $9 g ozie HVAC HIR
Unit Case @ Adizle 1% 2 2E2 23 319
A¥-e AP3gd. old, FA FY|2 LMS CADA
X & o434 29, Impact hammer(PCB 086C03)
ot 7b = ANPCB 356B21)E AHEE st

Fig. 12 Experimental setup for Ground modal
test

4, dn g D

4.1 Modal analysis

B dFoAE £33 82 A A4¥Y 2o &
Mg £8to] HVAC HTR Unit Case 2| $EA & ¥
43tgict 58], HVAC HTR Unit Case & Lower,
Rear, Front left/right part 2 USsged, 4 24
9] WAl A 5S WA= dEY R2E 454
t 2= #A AAA local mode £ AA QL
o, #3 84 Y 3 H¥H R HYE FIld,
4 709} part o)A 2A3lE 1 2 mode shape ¥ 3
$ A48 Fig. 13~16 o] Yl Lower part
9 1A REE 3N gAY F, 7 7 326, 305
Hz oA @480, lower case 8 & HRoA #
o] AT} Rear part 8 1 2} E=% Fig. 14 &
Zrh o, 1 A REe] ¥y Ry HlaF Y&
& & 5= 9t Front left part & 1 2} R=+& &
A o9l Y A, 344, 320 Hz oA 2888, Front
right part oA ZFEH #3e] FP3c}, Front
right part & 1 2t 2=+ Fig. 16 = Ztl 2= &
A A, front left part NAE FAlo] W3o] WA
ok 24 B9 1 2 af FafdM, 48 59
A& modal geometry $ #% 84 #iME %
mode shape & W|Z3& 5, 2 A7t F4A18

= A ¢ 5

326 Hz 305 Hz

"e

(b)experiment

(a) simulation

Fig. 13 1* Mode Shape of Lower part of HVAC
HTR Unit Case
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168 Hz

| % 1

(a) simulation (b)experiment

Fig. 14 1st Mode Shape of Rear part of HVAC
HTR Unit Case

344 Hz

(a) simulation (b)experiment

Fig. 15 1* Mode Shape of Front left part of HVAC
HTR Unit Case

346 Hz 328 Hz

L 23

(b)experiment

(a)simulation

Fig. 16 1% Mode Shape of Front right part of
HVAC HTR Unit Case

MAC & E3l9 3 24 &4 ZAxe 48y v
= 84 dye A7 FAE vlwsle, Table 2 of
veb itk MAC &2 0.6~0.5 & @& 7FA|5, o}
2% Ane a4 4g4Y 24 9 #3324 24
2 Qxjo] 23] WAIFct Modal test A, free-free
z4 AHdAe dge Hdxgoz oy, £
Ao A S4ste FE 2 AEE AYN 2XE
WA, E£8 modal geometry & A3 HVAC
HTR Unit Case ¢] mode shape €& 23| vt
F 2. o] Hix, §% 84 2dE T3 24 2
g Ags]) TEss] oL Aol sich wet, o
23 8Q1E0] #4 2 AHE A 38 WA A
At} [5]

Table 2 MAC Value

Lower | Rear Front Front

Left Right

Analysis 326 Hz | 168Hz | 344 Hz | 346 Hz

Experiment | 305Hz | 174 Hz | 320Hz | 328 Hz
MAC 0.43 0.64 0.69 0.52

4.2 Point Mobility

3 84 43 Ground modal test & Fg
HVAC HTR Unit Case 9 Direct FRF & Fig. 17 %
2t} Inertance graph oA 21(14)& ol &3l 74
2?9 curve fitting & F&, £4 Ay 9443
A& Table 3 3 #o] =3t 3 84 34
I Ages B¢ JEH 24 MY A 4 249
Axe vlxy gx s¥en, HVAC HTR Unit
Case Rear CTR. §91¢] Z4de] th& F o vl
Blag gdos Al ¢ # At 449 43 Rib
o 2j3k B 7}AL Rear center point oA Hd}
6.6, Front right half point ol 4] 4 1dB F7}8-3 o
olelg 74 watE Q8] i F74 1 Table 3 9
(@), (e)} o] W& & & & Ut}

Lower front

|
§
i

|

ﬁé%ezés
BEH 838

LI N L ST
FPOLENGY{HZ)
Froat right half

R R T R
FeoutaoviFiz)
Froat left half

RN WY

[‘ m:mesaszwmmm‘ 0193 )0 S8 W ONE 0 4 W
requéncviin) Freauénovin

(a) HVAC HTR Unit Case with Rib

Lowar tront

Rear center

i ey
e

2
®
av(
2 i
=
3 W-W’Wn

T IR
F requsncyihe feguercyl
Froat left half Front right hoit

= i
TR P N P /\m
] M

®

BE53o0358%

ESIE O % o0 85 _T50 1o 0 R0 40 451 6

EEC T I ) = = 3
Frequencyihzl FregueriviHs)

(b) HVAC HTR Unit Case without Rib

Fig. 17 Direct FRF of HVAC HTR Unit Case
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Table 3 Point Mobility results

29 kgf/mm

Lower Rear Front Front
FR. CTR. L.H. R.H.

Experiment 5.2 4.9 6.5 7.7

Simulation 4.3 4.7 5.8 6.8

(a) stiffness of HVAC HTR Unit Case with
Rib
w4 kgf/mm

Lower Rear Front Front
FR. CTR. L.H. R.H.

Experiment 3.6 23 56 6.9

Simulation 37 2.8 4.9 6.0

(b) stiffness of HVAC HTR Unit Case without
Rib

@9 dB
Lower { Rear Front Front
FR. CTR. L.H. R.H.
Experiment 3.2 6.6 1.3 1

(c) stiffness comparison between HVAC HTR
Unit Case with rib and without rib

@9 Hz

Lower Rear Front Front
FR. CTR. L.H. RH.

Experiment 294 174 320 328

Simulation 283 168.5 | 3105 321

(d) 1* natural frequency of HVAC HTR Unit
Case with rib

@9 He

Lower Rear Front Front

FR. CTR. L.H. R.H.

Experiment | 236.5 151 256.5 302
Simulation | 256.5 157 279 321

(e) 1* natural frequency of HVAC HTR Unit
Case without rib

5. 2 &

T8 24 Y ¥ A Z= #H4E o] Rto
HVAC HTR Unit Case 9 $54& 28 39 4
g 82 2dE 71E2& HA F, shell element &
ol /T 84 BEE FASAT olF, 4gsl
o 2= g4 A F3 a4 HY NS
mode shape & MAC & %3 vlx, 37} 3lgd. o
A%, §¢% 82 #HM A 4¥ AFde ¢y
AAsE AE gostgcot E£F, Rib of o8 24
ARE B dstdg #3224 43 Ground
modal test & ¢ 4¥€H B4 H4E Y3

ofdf, 4 74 4L Hskd Direct FRF & ©]
fatged, 48 84 &4 Zis 2y dIe A
3] YA EE A% AT £ UA ol An
£ 3 ribo] 9% HVAC HTR Unit Cagse &) ¥4
A4 EBE v®E Bo1E 5 AN £E, 2 47
A& £33 HVAC HTR Unit Case 8 84 24
o B34e AFY + Ao F, HVAC HTR
Unit Case 9] ¥Al 2& S #3 478 A3
of A o},

% 7|
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